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Glandular and non-glandular unicellular trichomes occur on 
the leaves. Leaves are isobilateral, amphistomatic with 
anomocytic stomata. The anatomy of the stem is typically that 
of a herbaceous dicotyledon with a thick periderm. The 
periderm absorbs light at wavelengths below 411 nm but 
transmits light of longer wavelengths. Starch grains and tan-
nins are conspicuous in stems of both species. Anatomically 
S. peniculinum Moffett conforms with the other two species in 
the section Multifidi Moffett. S. inerme Rehm differs from the 
other two species in the section Denticulati Moffett by the 
isobilateral leaves and the presence of short curved trichomes. 
S. Atr. J. Bot. 1983, 2: 231-235 
Kliertrigome en nie-kliertrigome kom op die blare voor. Die 
blare is isobilateraal, amfistomaties met anomositiese 
stomata. Die anatomiese bou van die stingel is tipies die van 
'n kruidagtige dikotiel met 'n dik periderm. Die periderm ab-
sorbeer lig van golflengtes korter as 411 nm, maar laat lig van 
Ianger golflengtes deur. Stingels van beide spesies is ryk aan 
styselkorrels en tanniene. Anatomies stem S. peniculinum Mof-
fett ooreen met die ander twee spesies in die seksie Multifidi 
Moffett. S. inerme Rehm verskil egter van die ander twee 
spesies in die seksie Denticulati Moffett in die isobilaterale 
blare en die voorkoms van kort gebuigde trigome. 
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Introduction 
A paper on the anatomy of Sarcocaulon (DC.) Sweet was 
presented at the AETF AT -congress in 1982 (Verhoeven e/ 
a/. in press). The congress papers are to be published in 
Bothalia. Material of S. inerme Rehm and S. peniculinum 
Moffett was not available at that time and the anatomy of 
these two species is presented here. Although the external 
morphology and nomenclature of the genus have been tho-
roughly investigated (Rehm 1935; Merxmi.iller & Schreiber 
1966; Schreiber & Merxmi.iller 1976; Moffett 1979) the 
anatomy of Sarcocaulon has not been studied very well. The 
primary aim of this study was to examine the anatomy of 
Sarcocaulon and to investigate the possible application of 
anatomical characteristics in the taxonomy of the taxon. 
S. inerme is a semi-erect to prostrate spineless shrublet 
with short blunt petiole bases on the branches. The leaves 
are simple (Figure 1), glabrous above and tomentose below, 
especially along the veins. The species is included in the sec-
tion Denticulati Moffett together with S. marlothii Engl. 
and S. mossamedense (Welw. ex Oliv.) Hiern (Moffett 
1979). 
S. peniculinum is a prostrate spineless shrublet with bi-
tripinnatisect tomentose leaves (Figure 1). The species is in-
cluded in the section Multifidi Moffett together with S. her-
rei L. Bol. and S. multifidum E. Mey. ex Knuth (Moffett 
1979). 
The two species have a very restricted distribution. S. 
peniculinum occurs in a small area between the Orange 
River and Rosh Pinah and S. inerme in a narrow strip from 
the Orange River near Rosh Pinah to just north of Wit-
pi.itz (Moffett 1979). 
Materials and Methods 
Fresh material used for the anatomical study was obtained 
from plants growing in their natural habitats, as well as from 
previously collected plants which were cultivated in the 
Botanical Garden of the University of the Orange Free State. 
Herbarium vouchers of the species examined areS. inerme 
- 2716 (Witpi.itz): Golf course Rosh Pinah (-00), Verhoeven 
95 (BLFU): S. peniculinum- 2816 (Oranjemund): 5 km N. 
of Ochta (-DA), Verhoeven 94 (BLFU). 
Material for light microscopy was fixed in FAA, 
dehydrated in a tertiary butyl alcohol series and embedded 
in wax. Sections were cut at 10/Lm on a rotary microtome 
and stained in safranin and fast green (Sass 1958). 
For the scanning electron microscope, fresh material was 
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Figure l Leaves of S. inerme and S. peniculinum. Scale line = 5 em. 
fixed in 30Jo glutaraldehyde (0, I mol dm - 3 phosphate buf-
fer, pH 7 ,0), post-fixed in I OJo phosphate buffered osmium 
tetroxide, dehydrated in ethyl alcohol, critical point dried 
and sputter coated with gold . 
Samples prepared for transmission electron microscopy 
were fixed in 6% glutaraldehyde (0, I mol dm - 3 phosphate 
buffer, pH 7,0), post-fixed in 2% phosphate buffered 
osmium tetroxide, dehydrated in ethyl alcohol and embed-
ded in Spurr's low viscosity resin. Sections were cut with 
diamond knives using an LKB Ultrotome III microtome, 
stained with uranyl acetate and lead citrate (Reynolds 1963) 
and viewed and photographed with a Philips 300 electron 
microscope at 60 kV. 
Macerates were prepared using Jeffrey's solution 
(Johansen 1940). The macerated material was washed 
several times with water, dropped onto a specimen stub and 
allowed to air dry prior to coating with gold and examina-
tion with an ISI-100 SEM at 20 kV. For each species 30 
measurements were made for the vessel member length and 
vessel diameter. 
Results and Discussion 
Anatomy of the leaf 
Lamina 
Glandular and non-glandular unicellular hairs occur on the 
Figure 2 (a) Scanning electron micrograph of glandular hair on leaf of 
S. inerme. Bar = 10 J.tm . (b) Longitudinal section of glandular hair. Bar 
= 20 J.tm . 
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leaves; glandular hairs being found on both species. These 
hairs consist of a short three-celled uniseriate stalk and a 
unicellular spherical head (Figures 2 a & b). The non-
glandular unicellular trichomes are of two types, namely, 
short curved trichomes and long straight trichomes (Figure 
3). The short curved trichomes are found in both in-
vestigated species but the long straight trichomes are con-
fined to S. peniculinum. In S. inerme the trichomes are 
found especially along the abaxial veins. 
According to the trichome types, S. peniculinum cor-
responds to S. herrei and S. multifidum of the section 
Multifidi. S. inerme, however, owing to the presence of the 
short curved trichomes, differs from S. mar/othii and S. 
mossamedense of the section Denticulati (Verhoeven eta/. 
in press). 
Figure 3 Scanning electron micrograph of glandular hairs, curved trichomes 
and long straight trichomes on leaf of S. peniculinum. Bar = 100 J.tm. 
The lamina is isobilateral in both species (Figures 4 & 5). 
Anomocytic stomata occur on both upper and lower sur-
faces of the leaf and are flush with the other epidermal cells. 
The average number of stomata on the abaxial epidermis 
is 226 per mm2 and 144 per mm2 on the adaxial epidermis 
in S. inerme. In S. peniculinum the average number of 
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stomata on the abaxial and adaxial epidermis is 236 per 
mm2 • InS. peniculinum the adaxial and abaxial palisade 
parenchyma are continuous at the midvein (Figure 5). In 
S. inerme the adaxial palisade parenchyma is interrupted 
by parenchyma cells at the midvein. Vascular bundles are 
collateral with the midrib vascular bundle embedded in 
parenchyma cells. The vascular bundle is delimited by a 
parenchymatous sheath which may be sclerenchymatous on 
the abaxial side of the vascular bundle. 
The anatomy of the lamina of S. peniculinum cor-
responds to that of the other species of the section Multifidi. 
The isobilateral lamina of S. inerme differs from the dor-
siventral lamina of S. marlothii and S. mossamedense. 
Figure 4 Part of a cross-section through isobilaterallamina of S. inerme. 
A = adaxial epidermis; P = palisade parenchyma. B~r = 50 JLm. 
Figure 5 Cross-section through isobilaterallamina of S. peniculinum. AP 
= adaxial palisade; BP = abaxial palisade; PH = phloem. Bar = 100 JLm. 
Petiole 
The anatomy of the petiole is the same in both species and 
resembles that of the other species of the genus (Verhoeven 
eta!. in press). Viewed in cross-section, the petiole consists 
of three to four vascular bundles surrounded by paren-
chymatous ground tissue (Figure 6). Each vascular bundle 
is partially subtended by fibres. The I - 3 cell layers subja-
cent to the epidermis are chlorenchymatous (Figure 6). 
Stomata and trichomes are present in the epidermis. 
Petiole base 
Leaves in the genus Sarcocaulon are either long or short 
petioled, with the long petioles persisting as spines. S. 
peniculinum and S. inerme are spineless. In S. inerme the 
petiole base is persistent as a short blunt stalk after abscis-
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Figure 6 Part of a cross-section through the petiole of S. peniculinum with 
four vascular bundles. CP = chlorenchymatous parenchyma; S = scleren-
chyma. Bar = 100 JLm. 
sion of the lamina. In this respect it differs from S. marlothii 
and S. mossamedense where the petioles are presistent as 
long prominent spines (Moffett 1979). 
In developing stalks of S. inerme the vascular bundles 
are embedded in parenchyma, with each vascular bundle 
capped by fibres. In the older stalk the pith and cortical 
parenchyma cells adjacent to the vascular bundles become 
lignified (Figure 7). The rest of the cortex consists of paren-
chyma cells containing tannins, druse crystals and starch 
grains. Trichomes are present in the epidermis but stomata 
are apparently lacking. 
Anatomy of the stem 
The stem is typically that of a herbaceous dicotyledon with 
collateral vascular bundles separated by wide paren-
chymatous medullary rays. The stem is sheathed by a 
periderm which peels easily. The absorption of light by the 
periderm (Figure 8) gradually increases from 700 nm to 411 
nm where there is a sudden increase. The wavelengths of 
light necessary for photosynthesis penetrate the periderm 
while shorter wavelengths are blocked out. 
The cortex consists of parenchyma cells containing druse 
crystals of calcium oxalate, tannins and abundant starch 
grains. The parenchyma cells immediately underneath the 
phelloderm are rich in chloroplasts while the rest are filled 
Figure 7 Part of a cross-section through the blunt stalk of S. inerme showing 
the vascular bundles in lignified tissue. S = sclerenchyma; VB = vascular 
bundle. Bar = 100 Jlm. 
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Figure 8 Absorbance spect rum of periderm of S. inerme. 
700 
with starch grains. The chloroplast-rich parenchyma cells 
are photosynthetically important, since, growing in extreme-
ly hot dry areas, the plants remain entirely leafless 
throughout most of the year. Tannins are conspicuous and 
are found mainly in the vacuoles (Figure 9), but also in the 
cytoplasm, intercellular spaces (Figure 10) and cell wall. 
The phloem apparently consists of sieve tubes and 
associated parenchymatous cells, including companion cells. 
Sieve elements have simple sieve plates. A few scleren-
Figure 9 Part of a cortex parenchyma cell vacuole (V) of S. inerme filled 
with tannins. CW = cell wall. Bar = I Jl.m. 
Figure 10 Intercellular space (IS) filled with tannins from cortex paren-
chyma cells of S. inerme. Bar = l Jl.m. 
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chymatous fibres are present outside the phloem. In the 
older stems, fibres were observed within the primary 
phloem. A fascicular and interfascicular cambium develops 
at the onset of secondary growth (Figure 11). The wood is 
diffuse porous, with solitary pores . Axial parenchyma is 
paratracheal and vasicentric. Rays are broad, multiseriate 
and homogeneous. For each species the mean length of the 
vessel elements is 103 JLm (range: 42- 169 JLm). The average 
diameter of the vessel elements is 28 JLm (range: 13-37 JLm). 
The perforation plates are simple. Pit distribution is 
scalariform, where pits extend to nearly the entire width of 
a cell face, to uni-biseriate (Figure 12). 
Figure II Part of a cross-section through the stem of S. inerme to show 
fascicular (FC) and interfascicular cambium (IF). R = ray. Bar = !00 /Lffi. 
Figure 12 Scanning electron micrograph of a vessel of S. inerme showing 
the uni-biseriate distribution of pits. Bar = I Jl.m . 
Conclusions 
Although the leaves do not appear to be sufficiently 
xerophytic for plants growing in extremely hot dry areas, 
it must be kept in mind that leaves develop only after suffi-
cient rain has fallen and are lost under unfavourable con-
ditions. The ability of the plants to survive the long dry 
seasons can probably be ascribed to the fall of leaves, the 
periderm allowing for the passage of light necessary for 
photosynthesis, the chlorenchyma beneath the phelloderm, 
the apparent absence of chlorenchyma surrounding the 
S. Afr. J. Bot., 1983, 2(3) 
vascular bundles and the starch grains serving as reserve 
material. 
The anatomy of S. peniculinum resembles that of S. her-
rei and S. multifidum and this section appears to form a 
natural group. S. inerme differs from S. marlothii and S. 
mossamedense by the presence of short curved trichomes 
and isobilateralleaves. Moffett (1979) placed S. inerme in 
the section Denticu/ati on account of the erose-denticulate 
leaf margin and the rose-purple petals. He suggested, 
however, that the species perhaps warrants a section or sub-
section of its own. The anatomy supports Moffett's finding 
that S. inerme is slightly out of place in the section 
Denticu/ati. 
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